Criteria are given for testing the ventricular gradient concept. The spatial ventricular gradient is then determined in three types of intraventricular conduction disturbances using the cube system of orthogonal bipolar leads. Correction of the isoelectric baseline for the effect of Tp on the QRS and T areas is made. The spatial ventricular gradient remains essentially constant both in magnitude and direction in intermittent Wolff-Parkinson-White syndrome and intermittent left bundle branch block despite marked changes in body surface electrocardiogiams. Ventricular premature contractions produce marked deviations in the spatial ventricular gradient. The spatial ventricular gradient merits further study as one of the fundamental quantities in electrocardiography.
and T areas is made. The spatial ventricular gradient remains essentially constant both in magnitude and direction in intermittent Wolff-Parkinson-White syndrome and intermittent left bundle branch block despite marked changes in body surface electrocardiogiams. Ventricular premature contractions produce marked deviations in the spatial ventricular gradient. The spatial ventricular gradient merits further study as one of the fundamental quantities in electrocardiography. axis of T must give the inverse of the mean direction in which the recovery process spreads over the ventricles. The ventricular gradient, which is the vector sum of the mean QRS and T vectors, therefore, represents the magnitude and direction of the electrical forces resulting from the lack of uniformity in the duration of the excited state in different portions of the ventricles. It points from the region in which the average duration of electrical systole is greatest toward the region in which it is least.4 5 The ventricular gradient concept neglects the effect of ventricular contraction upon the position and orientation of component cardiac muscle units with respect to each other and to the leads employed. 4 Wilson limited his measurements to the frontal plane, using the areas of QRS and T in any two of the standard limb leads. S-T displacements were considered part of the recovery process except when due to injury plane ventricular gradient, while an increase in heart rate or the use of digitalis" causes a decrease.
Ashman mentioned that the ventricular gradient might result from intramyocardial pressure differences, ' We have given consideration to the criteria for an ideal, and consequently crucial, test for the ventricular gradient concept in human beings. They are listed as follows:
(1) The spatial ventricular gradient is measured before or after a spontaneous or induced intermittent or transient intraventricular conduction disturbance and during the abnormal conduction.
(2) The measurements are made within a few seconds before and after the change in conduction to minimize the effect of alterations in other physiologic variables.
(3) Three noncollinear component leads are obtained simultaneously.
(4) The electrocardiographic tracings used are technically correct with minimum baseline wander.
(5) A variety of types of intraventricular conduction disturbances is studied.
(6) Correction is made for the effect of Tp on the baseline for the measurement of QRS and T areas.
(7) The cardiac rate remains essentially unchanged throughout the determinations.
(8) Marked tachycardia sufficient to cause overlapping of P and the preceding T is absent because it would then be impossible to construct any isoelectric baseline.
(9) The electrocardiographic records are obtained during the same phase of respiration to eliminate the effects of changes in cardiac position on the direction of the spatial ventricular gradient. The studies to be described satisfy these criteria with the few exceptions to be noted. The component leads used are the A, B, and C leads previously described.2' They make up an orthogonal lead system presenting rightleft, posterior-anterior, and superior-inferior components. The electrodes are placed approximately equidistant from the electrical center of the heart ( fig. 1) wall resulting in a magnification of 8.1 diameters. The projected curves were traced along their upper margins and the time of onset of QRS, end of QRS and end of T were marked in the simultaneous leads using the most clearly outlined and usually the longest intervals for timing purposes. The U-P segment was taken as the true isoelectric baseline, and, where this was clearly identifiable, a straight line was drawn from the U-P segment preceding the cycle used to the U-P segment immediately following it. Where no clear U-P segment was found, or the baseline wandered appreciably, a line drawn from the start of P to the end of T (or U, if present), was used as the isoelectric baseline. Tp causes no discernible deviation of the baseline and no correction is necessary. When P is large and positive, Tp depresses the baseline for QRS and T considerably (particularly evident on the magnified tracings), and a baseline correction must be introduced or the measured areas of QRS and T will both be too small. Where P is large and negative, Tp is large and positive, and an opposite correction must be made or the measured areas will be too large. Ashman7 used an implied partial correction of the baseline for Tp in ventricular gradient determinations. Lepeschkin53 suggested the use of a straight line from the start of QRS to the end of U as the baseline and set the notch between T and U as the end of T. We approached this problem in a more direct fashion. The duration of atrial electric systole (P + Tp) was determined from 74 electrocardiograms with complete or incomplete heart block and this was plotted against the P-P interval. It was found that the duration of atrial electric systole decreases as the atrial rate increases and that there is a linear relationship when the P + Tp duration is plotted against the P -P interval24 ( fig. 2 ).
The duration of P + Tp for the atrial rates of each case was derived from the graph. This was measured off along the isoelectric baseline from the start of P. Then a line was drawn from the onset of QRS to this point and this corrected baseline was used to measure the areas of QRS and T ( fig. 3) .
The tracings were attached to a flat board and the areas of QRS and T were measured with a planimeter. Areas above the corrected baseline were considered positive and areas below were considered negative. Each tracing was measured twice and the results averaged and then converted into Ashman units. The magnitude of the spatial ventricular gradient and the magnitudes and directions of its frontal and horizontal plane projections were calculated.
A series of symbols is defined and they will be used throughout the remainder of this presentation as well as in our future publications. Scalar quantities appear in ordinary type. Vector quantities appear in bold face type. (Modern publications in physics and mathematics universally use ordinary type for scalars and bold face type for vectors).
G is the spatial ventricular gradient, G is the magnitude of G, Gp is the frontal plane projection of G, GF is the magnitude of GF, GH is the horizontal plane projection of G, GH is the magnitude of GH, GA is the magnitude of the projection of G on the A axis, GB is the magnitude of the projection of G on the B axis, and Gc is the magnitude of the projection of G on the C axis. (1) fig. 1 ), the types of intraventricular conduction, the magnitude of QRS and T areas, GA, GB, GC, G, GF, GH, a and 3. All magnitudes are in Ashman Units and all angles are in degrees. There were six patients with intermittent left bundle branch block (cases 4, 5, 6, 7, 8, and 9 In the fifteen types of ventricular fusion complexes produced by Wilson and his associates in their dog experiment,4 there was a 19 per cent average variation in G, as determined from the Einthoven limb leads (range 4 to 46 per cent) . * This experiment is not quite analogous to spontaneously occurring ventricular premature contractions in human hearts, some of them diseased. Burger and associates studied vectorcardiograms simultaneously obtained, using two different lead systems.25 For normal conduction there was good correlation between the two vectorcardiograms, but for the ventricular premature contractions the correlation was poor. Their explanation was that the excitation spreads differently over the heart in the two types of conduction, and, because of the uneven distribution of insulating fatty tissue on the surface of or around the myocardium, the current field in the thorax is affected differently in normal and premature beats. Because of the abnormal pathway of the excitation wave in extrasystoles, the sequence of stimulation of different portions of the myocardium may vary greatly. This, in turn, may cause considerable shifts of the dipole center during the spread of the excitation wave accompanying an extrasystole which may affect the two lead systems used by Burger and his associates to a varying degree without having any additional significance. Another possibility is a basic difference between the excitatory and recovery processes in ventricular premature contractions as compared with normal conduction, Wolff-Parkinson-White conduction, and left bundle branch block. In ventricular premature contractions excitation takes place at differing times following the preceding beat and thus may occur during the relative refractory period or supranormal conduction phase of the ventricular muscle. Our findings strongly suggest that ventricular premature contractions are poorly suited to the investigation or confirmation of the ventricular gradient concept.
To compare G and GF obtained by others, 
SUMMARY
(1) The spatial ventricular gradient and its projections on the frontal and horizontal planes are measured both in magnitude and direction, using an orthogonal cube lead system consisting of right-left, posterior-anterior and superiorinferior leads (A, B and C leads).
(2) A method of correcting for the effect of T, on the areas of QRS and T is described.
(3) The spatial ventricular gradient is determined in four patients with intermittent WolffParkinson-White syndrome during normal and abnormal intraventricular conduction. The spatial ventricular gradient did not change significantly ill either magnitude or direction.
(4) The spatial ventricular gradient is determined in six cases with intermittent left bundle branch block and there are no significant changes in its magnitude or direction in the two types of conduction. 
